The concepts of reference wave slowness (reciprocal of velocity) and an associated free reference space Green's fuction slowness spectrum are introduced.
INTRODUCTION
Presented is a unified approach and solution to the inverse scattering and inverse source problems for the inhomogeneous scalar wave equation _ -p (1 ) subject to the constitutive equation p = V , (2) and the homogeneous scalar wave equation 
subject to the constitutive equation
and the homogeneous scalar wave equation CO 2 V 2 <)> + <f > = 0 ( 3 )
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To this end, the single mixed scalar wave equation w2 P c2(X,w) (4) is introduced.
From an inverse scattering inverse source perspective, (4) reduces to (1) if the medium wave velocity c(X,w) is a known constant and the source P is the unknown, and (4) reduces to (3) if the sources P are known to be zero and the medium wave velocity c(X,w) is the unknown.
It is argued that the inverse solution presented is an alternative (to the direct Kirchhoff) integration of the wave equation.
It is thus appropriate to review some relevant properties of the direct Kirchhoff integration
of the wave equation (1) . Specifically, the surface integral in (5) is an equivalence statmmnt relating the field at a field point on one side of the closed surface produced by all the sources on the other side of the closed surface, via the fields produced by these sources on this closed surface.
The inverse scattering inverse source problem is, however, characterized by both the field point for the unknown fields as well as all the unknown sources being on the same side of the closed surface (on which the remote sensing is accomplished), for which situation the Kirchhoff surface integral vanishes, thus rendering this Kirchhoff surface integral useless for the inverse scattering inverse source problem. A modified Kirchhoff surface integral, which does not suffer from this pathology, is introduced next. BOJARSKI To this end, the single mixed scalar wave equation
is introduced.
From an inverse scattering inverse source perspective, (4) reduces to (1) if the medium wave velocity c(X,o)) is a known constant and the source P is the unknown, and (4) reduces to (3) if the sources P are known to be zero and the medium wave velocity c(X,co) is the unknown.
It is thus appropriate to review some relevant properties of the direct Kirchhoff integration 
and the Sommerfeld radiation condition at infinity, where v is any arbitrarily chosen r eference ve I oc i ty.
Next, let an effectal field 6 be defined as
which, by (6), satisfies the homogeneous wave equation
By Green's theorem, (7) reduces to BOJARSKI which, by (4) and (9), reduces to
t, r f,r r "2 w2 l respectively, and where r= IX -X/1.
Taking the Hilbert transform of (14) with respect to the reference slowness a yields
By (15) and it follows (16) , that with the aid of [2, 3] and twice repeated application of [4, 5] (XXQ¡w,a') da' = sgn(wr) Gr(XIX',w,a)
and -03 CO a,2 GZ(XIx6,w,a') da' = sgn(wr) a2 Gr(XIx',w,a) , 
respectively, and where P=|X-X ? |.
-f a-a v r , r " , i , ^ I" "2 1
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By (15) and (16), with the aid of [2, 3] and twice repeated application of [4, 5] it foI lows that j
and r °°1
I a r2 G -(x|x f ,u),a f ) , . Thus, with the aid of (18) and (19), (17) Since the imaginary part of the free reference space Green's function is not singular at X =X; it follows fran the addition of (14) and (23) 
For the inverse scattering inverse source case of a known constant medium velocityc and unknown sources p (i.e., wave equation (1)), (24) reduces, after chosing the reference slowness a =1, for w >0, to
At that reference slowness, the direct Kirchhoff integration (5) of the wave equation For the inverse scattering inverse source case of a known constant medium velocity c and unknown sources p (i.e., wave equation (1)), (24) reduces, after chosing the reference slowness a~ » for a)>0 > to
At that reference slowness, the direct Kirchhoff integration (5) of the wave equation (1) can be wr i tten as
v Since in two and three dimensions the Green ! s function singularity is weak and removable, and the Kirchhoff surface integral represents the incident field.
Thus combining (25) and (26) yields the solution e(x,w,a) -
For the inverse scattering inverse source case of known zero sources and unknown medium wave velocity c(X,u>} i.e., wave equation (3), (24) 
(32)
_C 2 (X',0)) c"
A digression concerning the wave equation (3) is now in order. This wave equation
can be rewr it ten as
where the sources P 0 are reference sources relative to the arbitrarily chosen reference wave velocity c 0 , given by the relative constitutive equation
and the potential V p is a reference potential relative to the arbitrarily choosen reference wave velocity c 09 given by
It thus follows that (28) can be written for co>0 as 
